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Head of same prelarva shown in Figure 106 one day later, demon- 
strating the extremely rapid development of prelarval teeth... 
Egg of Species No. 7 of Raffaele. Drawn from Raffaele........... 
Ege of Species No. 6 of Raffaele. Drawn from Raffaele.......... 
Egg of conger eel when first observed, showing characteristic 
shape-of yolks inde sacs Scie a at ae eee 
Prelarva of conger eel soon after hatching...................... 
Prelarva of conger eel two days later than stage shown in Figure 111. 
Head of conger eel prelarva about 314 days old................. 
Egg of Muraena No. 7 of Boeke, showing the type of muraenoid egg 
which has a delicate inner membrane attached by filaments to 
the outer capsule. Drawm from Boeke... .e/nac-cu eee 
European eel (Anguilla vulgaris) and American eel (Anguilla 
rostrata). Breeding areas and distribution of larvae shown by 
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Smallest known prelarva of European eel, 6 mm. in length. Drawn 
from Schmidt 


STUDIES ON THE BODY-FORMS OF FISHES 
Figures 117 to 155 inclusive 


The body-forms and fins of typical fishes, in their relations to 
quadrilateral figures. A, Shark (Catulus uter); B, Herring 
(Clupea harengus); C, Serranid (Paralabrax maculatofasciatus). 
Outlines after Jordan and Hvermann....................... 

The body-forms and fins of specialized fishes. A, deepsea fish, 
Aldrovandia macrochir; B, Dolphin (Coryphaena hippurus); 
C, Surgeon fish (Xesurus punctatus); D, Geometric relations of 
the opisthion (0) and pygidion (p) of the anterior and posterior 
dorsal verticals (ad, pd.). Outlines after Jordan and Evermann. 

Varying relations of the opisthion to the uranion. A, Opisthion 
posturanic (elichthys marinus); B, Opisthion posturanic ap- 
proaching infinity (Schilboedes insignis); C, Opisthion preuranic 
(Germo alalunga). Outlines after Jordan and Evermann....... 

The bounding quadrilateral figures in the ventral, dorsal and front 
views. A, Shark (Squalus acanthias), ventral view; B, (Rhinoba- 
tus lentiginosus) , dorsal view; C, Trunk-fish (Lactophrys bicauda- 
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lis), ventral view; D, Bat-fish (Ogcocephalus vespertilio) , front 
view. Outlines after Jordan and Evermann.................. 
Fishes with convex dorso-anterior slope and high entering angles. 
A, Myetophid (Myctophum opalinum); B, Mullet (Upeneus 
maculatus); C, Blenny (Alticus atlanticus). Outlines after Jordan 
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Fishes with flat dorso-anterior slope and low entering angles. 
A, Pike (Lucius masquinongy); B, Killifish (Fundulus diapha- 
nus)o; C, Snook (Oxylabrax undecimalis). Outlines after Jordan 
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Cutaway condition of postero-ventral contour. A (Hiodon tergisus); 
B (Pseudopriacanthus altus). Outlines after Jordan and Ever- 


The four types of body-form based on the ratio of depth to body 
length (prosthion to pygidion). A, Hyperdolichosomatic (La- 
bichthys elongatus); B, Dolichosomatic (Scaphirhynchus pal- 
torhynchus); C, Mesosomatic (Xenocys jessiae); D, Hypsisomatic 
(Zanclus cornutus). Outlines after Jordan and Evermann...... 

Varying antero-posterior relations of apex to gasterion. A, Gas- 
terion postapical (Neomaenis apodus); B, Gasterion subapical 
(Clupea harengus); C, Gasterion preapical (Atherinopsis cali- 
forniensis). Outlines after Jordan and Evermann............. 

Varying depth of back. A, Hyperdolichonotic (Nemichthys stomias); 
D, Hypsinotie (Calamus proridens). Outlines after Jordan and 
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Bathygastric forms. A, Harriotta raleighana; B, Pempheris poeyi; 
C, Argyropelecus olfersi. Outlines after Jordan and Evermann. 

Macropygidial (A) and leptopygidial (B) forms. A, Fundulus 
heteroclitus; B, Podothecus veterinus. Outlines after Jordan and 
ERVERIMIANT eee Oe AEN tes ieT asi te ae eee eee tee ee ee 

Macrocereal (A, B, C), and microcereal (D) forms. A, Chanos 
chanos; B, Cypselusus californicus; C, Anableps dovii; D, Lepido- 
pus caudatus. Outlines after Jordan and Evermann........... 

Hypocercal and heterpcercal (epicercal) tails. A, Hypocercal 
(Pterolepis nitidus, Upper Silurian, Norway). After Kiaer; B-I, 
Heterocercal; B, typical (Hypoprion brevirostris); C, horizontal 
(Scylliorhinus profundorwm); D, Asymmetrical (Squalus acan- 
thias); E, elongate (Notorhynchus maculatus). Outlines after 
MOLcamean cela vErmialnaca were Sak cn cere ocala Wau teas 

Heterocercal types continued. F, Perelongate (Alopias vulpes); G, 
robust (Gyropleurodus francisci); H, bifureate (Lamna cornu- 
bica); I, suberescentic (Isurus dekayi). Outlines after Jordan and 
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Modified heterocercal types. A, Scalene (Pristis pectinatus); B, 
bipinnate (Raja occellata); C, truncate (Tetranarce occidentalis) ; 
D, filiform (Dasyatis sabina). Outlines after Jordan and Ever- 
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Modified heterocercal types (continued). A, Acute (Dipterus 
valenciennesti); B, acute (Osteolepis macrolepidotus); C, diphy- 
cercal (Glyptopomus kinnairdii); D, tristichopterous concave 
(Tristichopterus alatus); EK, tristichopterous convex (Undina 
gulo). All from Goodrich after Traquuair.........--.--+-+.++ 

Homocercal types. A, Lunate (Oncorhynchus nerka); B, bifurcate 
(Chanos chanos); C, erescentic (Germo alalunga). Outlines after 
Jordantand iver ann et te rae ee ent bere ee ee 

Homocercal types (continued). A, Truncate (Fundulus zebrinus) ; 
B, truncate emarginate (Aphredoderus sayanus); C, convex 
(Paecilia presidionis); D, spatulate convex (Schilbeodes exilis); 
E, Spatulate pointed (Chologaster cornutus); F, gephyrocercal 
incipient (Cryptacanthodes maculatus). Outlines after Jordan 
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Gephyrocercal types. A, Typical (Anguilla chryspa); B, pointed or 
diphycercoid (Neobythites marginatus); C, pseudomocereal incip- 
ient (Barathrodemus manatinus); D, pseudomocercal spatulate 
(Physiculus fulvus); E, pseudomocercal lunate (Porogadus 
saida); F, gephyrocercal hypural (Coelorhynchus cariminatus); 
G, gephyrocercal filiform (Veneficia procera). Outlines after 
Jordanzand sEvern anny seis ata rere eee ee 

Varying anteroposterior positions of first dorsal fin. A, Middle of 
base of first dorsal in first quarter of horizontal (Chimaera 
affinis); B, in second quarter (Lamna cornubica); C, in third 
quarter (Catulus uter); D, in fourth quarter (Raja occellata). 
Outhnesvatter Jondanyand!) Hivermann es nts ee 

Extent of first dorsal fin base to body length (prosthion to pygidion). 
A, First dorsal brevibasic (Kirtlandia vagrans); B, medibasic 
(Verilus sordidus); C, longibasie (Sebastodes hopkinsi); D, per- 
longibasic (Hscolar violaceus). Outlines after Jordan and Ever- 


Height of first dorsal fin to body depth (ad plus av). A, first dorsal 
breviradial (Promicrops guttatus); B, mediradial (Alphestes afer); 
C, longiradial (Zmblemaria atlantica). Outlines after Jordan and 
Hivermanininancc: oe vie, cere ee ee 
Extent of second dorsal fin base to body length. A, Second dorsal 
perbrevibasic (Galeorhinus zygopterus); B, brevibasie (Atherinop- 
sts californiensis);C, medibasie (Micropterus dolomieu); D, longi- 


basic (Seriola dorsalis). Outlines after Jordan and Evermann.. - 


Varying anteroposterior relations of dorsal and anal fins. A, Anal 
postdorsalic (Pempheris mulleri); B, sudborsalic (Lepomis 
auritus); C, predorsalic (Anableps dovii). Outlines after Jordan 
and: Evermadil. 5...) tard: Senet ne en ne eee am ie 

Sagittate arrangement of large dorsal and anal fins associated with 
macropygidial macrocercal convex homocereal tails and (usu- 
ally) with low foreheads. Quick darting forms. A, Dallia pector- 
alis; B, Fundulus heteroclitus; C, Etheostoma cinereum; D 
Dormitator maculatus. Outlines after Jordan and Evermann. . : 
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Varying lengths of anal fin base to body length (Pp). A, Anal 
brevibasic (Albula vulpes); B, medibasic (Epinephalus drum- 
mond-hayt); C, longibasie (Xyrichthys psittacus); D, perlongi- 
basic (Serrivomer beanii). Outlines after Jordan and Evermann. 

Varying lengths of anal fin to body depth (ad plus av). A, Anal 
breviradial (Orthopristris reddingi); B, mediradial (Epinephalus 
striatus); C, longiradial (Hadropterus evides); D, perlongiradial 
(Castomosus latipinnis). Outlines after Jordan and Evermann. . 

Varying lengths of ventrals. A, Ventrals breviradial (Notacanthus 
analis); B, mediradial (Verilus sordidus); C, longiradial (H2- 
onautes rondeletiz). Outlines after Jordan and Evermann..... 

Varying relations of the pectoral fins to the horizontal. A, Pectorals 
inferior (Pseudotriakis microdon); B, median (Schibeodes in- 
signis); C, superior (Chaenomugil proboscideus). Outlines after 
JorcdanrandsHiverm ann tree eutotan one civert tart aint aces. ae 

Varying length of pectorals to body length (Pp). A, Pectorals 
breviradial (Notropis aztecus); B, mediradial (Hypoplectrus 
unicolor nigricans); C, longiradial (Germo alalunga); D, per- 
longiradial (Hxonautes rondeletti). Outlines after Jordan and 
VeVi Steere eee come a ate ae oe are pet art nln me ON BES ad er 

Varying proportions of head length to body length. A, Micro- 
cephalic (Cycleptus elongatus); B, nomocephalic (Semotilus 
atromaculatus); ©, macrocephalic (Hoplopagrus guntheri). 
Outlines atver.Jordam and Wyermanm ane sheets aie 

Varying head depth to head length. A, Platycephalic (Hypohomus 
spilotus); B, mesocephalic (Paralabrax humeralis); C, hypsi- 
cephalic (Xyricthys psittacus). Outlines after Jordan and Ever- 


Varying ‘maxillary length’ to head length. A, micrognathic 
(Coregonus williamsoni); B, mesognathic (Mycteroperca boulen- 
geri); C, macrognathic (Lampanyctus crocodilus). Outlines after 
Aoncbeng. Gravel Ou nei oo enone Ogee oon S ope eareow 

Varying combinations of different snout lengths and upper jaw 
length. Long, intermediate or short snouts may be combined 
with long, intermediate or short jaws, the nine possible com- 
binations all being realized in different fishes. A, Snout long, jaw 
long (Tyloswrus acus); B, snout long, jaw short (Aulorhynchus 
flavidus); C, Snout short, jaw long (Lampanyctus crocodilus); 
D, snout short, jaw short (Copelandellus quiescens). Outlines 
aAtemOrdan and eEVerin ann ene erarete enc ene ore 

Varying lengths of branchial chamber to head depth. A, meso- 
cameral (Micropterus dolomieu); B, macrocameral (Basanichthys 
scuticaris); C, microcameral (Calamus proridens). Outlines after 
Join emcl WGN, po scoucsrocesdouebudminaogeumenn oom 

Adaptive radiation of body form in ostracoderms................ 

Adaptive radiation of the depressed elasmobranchs.............. 


Adaptive radiation of body form in fusiform elasmobranch....... 
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AN ANNOTATED LIST OF THE SYNENTOGNATHI 


PAGE 
Young Hemiramphus from the Pacific......... 56-56 +seeee seen 425 
Fodiatur acutus (Cuvier and Valenciennes).............+++.+--:: 426 


Two stages of Evolantia microptera (Cuvier and Valenciennes) juv. 427 
Two stages of Evolantia microptera (Cuvier and Valenciennes) juv. 427 


Halocypselus obtusirostris (upper) H. evolans (lower). ........+.-: 428 
Halocypselus obtusirostris (upper) H. evolans (lower)...........-- 429 
Halocypseliis obiusinostrt sin wan ne. ine tt Oi nee eee ae 430 
FHialocypselus: CvOlants ane aces eae aie ne eee ee 430 
Exonautés rondelelt 0 = se eet aes ao Soe eee 430 
ET LOWMAULES ATG UIVGLUS eae tned ne ete Rete ate eden eee eee Tet 431 
Cypselurus bicolor (Cuvier and Valenciennes).................-- 432 
CY pSelurus MONTOCL AM wets. 28 es te ee ean Pee eee eee 433 


Synentognath ventrals (right side viewed from below). 1. Strongy- 
lura ardeola; 2. Hemiramphus brasilensis; 3. Huleptorhamphus 
longirostris; 4. Evolantia microptera; 5. Halocypselus evolans; 


6. Cypselurius calloplertis: cae on soci eee 434 
Ablennes hians. First gill of a 52 mm. example (standard length) 

showing vestigial gill rakers still present..................... 435 
Diagram of half-beak condition in phylogeny and ontogeny....... 437 
Tentative lines of Synentognath evolution...................... 441 
Two-winged flying-fish (Halocypselus evolans). Drawing in colors. 

Hi Tee= Vani ee oie. ee aes See eee 445 
Halocypselus obtustrostris. Drawing in colors. Isabel Cooper...... 446 
Exonautes marginatus (Field No. 5148). Drawing in colors. Isabel 

CGOPer Fah sas, ens Nee eee Se eR: LN nee 446 
Four-winged flying-fish (Cypselawrus furcatus). Drawing in colors. 

LS Te = V ai S52 Soa lee ea es, Ie 447 
Young Cypselurus furcatus. Drawing in colors. H. Tee-Van....... 448 


POLYCHAETOUS ANNELIDS 
Figures 177 to 179 inclusive 


1, Harmothoe sylliformia, anterior end x 25.5; 2, parapodium x 45; 
3, neuropodial seta x 185; 4, notopodial seta x 215; 5, Harmothoe 
lanceolata, anterior end x 30; 6, parapodium x 85; 7, detail of cilia 
on cirrus x 85; 8, neuropodial sets x 250; 9, notopodial seta x 250; 
9a, detail of elytron x 27.5; 10, Lepidasthenia picta, anterior 
end x 10; 11, posterior parapodium x 15; 12, sets x 185; 13, sets 
from first parapodium x 250; 14, Lepidasthenia rufa, anterior 
end x 25; 15, parapodium x 45; 16, dorsal seta of neuropodium 
x 250; 17, ventral seta of neuropodium x 250; 18, Lepidasthenia 
variegata, anterior end x 12.5; 19, first parapodium x 27.5.... 451 

20, Lepidasthenia variegata, 18th ear eodunn x 27.5; 21, seta of 
18th parapodium x 185; 22, Lepidasthenia longicirrata, anterior 
Gm x< ig 2, poepodian x 20; 24, notopodial seta x 250; 
25, 2nd form of notopodial sets x 250; 26, detail of dorastnnesh 
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notopodial seta x 250; 27, Vanadas collata, anterior end x 5; 
28, 49th parapodium x 18; 29, Tomoptera opaca, anterior end 
x 5; 30, Tomoptera tentaculata, anterior end x 27.5; 31, para- 
podium x 27.5; 32, Leodice arcturi, anterior end x 5; 33, 25th 
parapodium x 27.5; 34, posterior parapodium x 27.5; 35, dorsal 
acicula from posterior parapodium x 250; 36, ventral acicula 
from posterior parapodium x 250; 37, seta from 25th para- 
podium x 250; 38, sets from posterior parapodium x 250; 39, 
HOA CUNSEN LS Oates Sac? pee Sierra eee suet miars elon kaos 
40, Uncinereis lutea, anterior end x 16; 41, 10th parapodium x 45; 
42, Ist parapodium x 45; 43, parapodium from middle of body 
x 45; 44, seta from parapodium of Fig. 43 x 250; 45, 2nd form 
of setae from parapodium of Fig. 43 x 250; 46, compound seta 
x 250; 47, epitokous male x 15; 48, 7th parapodium of male x 
27.5; 49, 17th parapodium of male x 27.5; 50, Neanthes obscura, 
anterior end x 5; 51, parapodium x 45; 52, ventral seta x 250; 53, 
dorsal seta x 250; 54, Spio hirsuta, anterior end x 20; 55, parapo- 
dium x 45; 56, anterior seta x 250; 57, posterior seta x 250; 
58, spionoid larva x 15; 59, detail of seta x 45; 60, end of seta x 
185; 61, palea x 250; 62, Semiodera glabra, anterior end x 10; 
63, ventral view of anterior end x 10; 64, notopodial hook x 68; 
65, detail of seta x 68; 66, Nuchubranchia palmata, anterior 
end x 10; 67, gills x 45; 68, seta x 100; 69, Phyllodoce varia, an- 
HELIOLFENGIX? £5311 OS SCCARS LOU neem cise by eae iat Snakes Slate 


SCYPHOMEDUSAE 
Figures 180 to 184 inclusive 


Atorella arcturi, sp. nov.; side view of type specimen, 15 mm. in 
GIAINICCEE Geer Mere ea ee rEN te tee einer aot ote, sone Sites cis arebe 
Atorella arcturi; suboral view of part of marginal zone, showing 
two eonads, tentacles*and rhopaliom’...5...4.2-...502se5s-0- 
Linuche unguiculata; portion of subumbrella, to show relative posi- 
tions of gonads and of subumbral sacs in a specimen about 8 mm, 
MNeGIAMeter pLOMeATCLUTUS Sua. GOL ea. aero i = anette mi 
Linuche unguiculata; portion of subumbrella of Atlantic Specimen 
11 mm. high, to show gonads and subumbral sacs (M. C. Z., No. 
3 7 ne eee on tans en ot Sn a an en ee DEN ee cng 
Linuche unguiculata; portion of subumbrella of Florida specimen 
about 12 mm. in diameter, with very large gonads........... 


SIPHONOPHORAE 
Figures 185 to 220 inclusive 
Praya reticulata; bract. x 3; from offing of Monterey Bay, California. 


Praya reticulata; female gonophore, x 4.7; from offing of Monterey 
TERY ACH MUNIONA OE eres Cacho qimkone 6 G1e fe ere cote 6 ics OR ie tee aera eae 
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Tllustrations 


Praya reticulata; male gonophore, x 4.7; from offing of Monterey 
Bay; Califormiats:.: ncn ssuiqant- te ncie > tee ler eae 
Praya reticulata; young tentillum, x 72; from offing of Monterey 
Bay, Californias eater oven cane Aenea orate ie ena aes 
Praya reticulata; adult tentillum, x 72; from same tentacle that bore 
the young tentillum illustrated in Figure 188................ 
Vogtia serrata?; nectophore in ventral view, x 3.3; from Arcturus 
yi Waal fl epee eon eg Mires mudi sews SS au Gd ovn'D ov c 
Abylopsis tetragona; superior nectophore, ventral view, x 10; from 
AP OHUTUS Star 49 sc ee eects sole heres Tae eects oie ta ee een erm 
Abylopsis tetragona; superior nectophore, dorsal view of specimen 
tllustratedainy Kicure 191 2. ease ete tele eee erertoenenerae 
Abylopsis eschscholtzii; superior nectophore, ventral view, x 15; 
from: Arcturus Sta. G4accu «ayer lateness rae eee ee 
Abylopsis eschscholtzti; superior nectophore, x 15; dorsal view of 
specimen illustrated in Figure 1982-.....2.2....2..... 02-596 
Galetta quadrivalvis; lateral view of superior nectophore, x 4; from 
ATCHUTUS Sta, Sie secon meat ereee nie, tere ieee: oe at ea 
Galetta quadrivalvis; basal view of superior nectophore, x 4; from 
ATCEUFUS: SUAS GT of nsgos ciary oe heen iets hae eee eae eee ea 
Lateral view of base of superior nectophore of specimen showing 
lateral marginal angles, x 6; from Arcturus Sta. 87........... 
Galetta quadrivalvis; basal part of stem of specimen showing two 
reserve-buds, x 40; from Arcturus Sta. 87 
Galetta quadrivalvis; male gonophore, x 70 


Galetta quadrivalvis; female gonophore, x 70 


Galetta quadridentata; base of stem, found attached to inferior 
nectophore, with reserve-buds, x 20; from Arcturus Sta. 28... . 
Galetta quadridentata; portion of stem, with siphon, gonophore, and 
basal part of bract, x 43; from a specimen from Naples in the 
collection of the Museum of Comparative Zoology. . : 
Galetta quadridentata; another view of bract shown in Rene 202, 
tO show its muscularatiachment,.ex 4.3 eileen ne enn 
Galetta australis; portion of stem, to show bracts, x 27; from a speci- 
MEM TroMeAHatrossns tag O Ole eee ee 
Galetta australis; group of appendages, x 50; from a specimen from 
Albatross Stati4727.8.Gsn esc tee ce eee er ee eee ae 
Galetta australis; base of superior, and apex of inferior nectophore, 
to show their attachment and the reserve-buds; from a specimen 
from Albatrose.Star4 7042, ase a eee are ee 
Galetta australis; apex of inferior nectophore, x 15; to show base of 
stem, and reserve-buds; from Albatross Sta. 2747............ 
Chuniphyes multidentata; ventral view of superior nectophore, x 7; 
from ‘Albatross Sta.i4759.. ccm see yee pec 
Chuniphyes multidentata; superior nectophore; apical view (A), and 
cross sections (B and C) at the levels marked A and B on 
Figure 208; from Albatross Sta. 4759 
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Illustrations 


Archisoma natans; lateral view of special nectophore, x about 3; 
DY OMIPATCOUTUSS URS OMe a cen e Mee Re at nn ni eee as 
Archisoma natans; dorsal view of nectophore illustrated in Figure 
ALO SAO OU CR Seamer Pe hr Meee Ses tye yaa coer Rea Nei e ecto waits ate oom he 
Archisoma natans; schematic cross sections of the nectophore, x 4.7, 
at the levels indicated on Figure 210....................e0- 
Archisoma natans; lateral view of bract, x about 2.5, of specimen 
nlhustracecd meh pure) 21 Ore cemernc sence ee ween 
Archisoma natans; schematic cross section of the bract, x 4.5, at 
ghelevellmarkeduA von ehioure 2 US aeece aes jeeceioses vee 
Archisoma natans; dorsal view of inferior portion of bract, x 4.5, 
with schematic cross-section at the level marked B on Figure 213 
Archisoma natans; ventral view of mid-sector of bract, x 4.5, illus- 
iLabeGsinmbioure,.2 | ipmerw Saerk ek. sien eke eaeremie Beene: 
Athorybia rosacea; general view of fragmentary specimen, x 7; from 
Arcturus Sta. 59. This specimen has lost most of the bracteal 
attachments pal pons and siphonsane ac ase ae ste eee 
Athorybia rosacea; general view of specimen, x 8; from Arcturus 


Athorybia rosacea; tentillum, x 72; from Arcturus Sta. 74......... 
Athorybia rosacea; tentillum with involucre contracted, x 72; from 
NTO SE Rawle oon 4 On OIE G DIRE OE eo 
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